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@ Navigation device. 

(57) A navigation device includes measurement 
unit (1-4) for measuring current position of a 
vehicle on which the navigation device is moun- 
ted, input unit (14) for specifying travel points to 
be registered as route information, the travel 
points including a start point, a destination 
point, and route points positioned on a travel 
route from the start point to the destination 
point, memory unit (9) for storing the route 
information including positional information* of 
each travel points and order information indi- 
cating the travel order of the route points, 
display unit (15) for displaying a route guide 
display showing a travel direction from a cur- 
• rent position on a map on the basis of the route 
information, and register condition display unit 
(5, 15) for displaying a condition of the regis- 
tered route information, the register condition 
display unit representing positions of the travel 



points on the basis of the positional information 
and travel orders of the travel points on the 
basis of the order information. 
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Field of the Invention: 

This invention relates to a navigation device for 
assisting a driving of a vehicle such as an automotive 
vehicle by displaying a current position and a travel di- 
rection thereof, and more particularly relates to a nav- 
igation device having function of displaying a driving 
route to lead the vehicle on the basis of route infor- 
mation set in advance. 

In a navigation device mounted on an automotive 
vehicle or the like, it is required to accurately and 
quickly measure the current vehicle position and the 
travel direction and display, on a display device for the 
driver, information relating to a map information 
around the current vehicle position, marks showing 
the current position and travel direction of the vehicle, 
and other information for satisfying user's demands. 

One type of navigation device mounted on an au- 
tomotive vehicle employs a route guide display func- 
tion of storing positional information such as a start 
position, a destination position, and passing points on 
the way from the start point to the destination point 
(hereinafter referred to as "route point") in advance, 
setting the target points in accordance with the cur- 
rent vehicle position, and calculating and displaying a 
direction and a distance to the target points to the 
driver as route information, so as to lead the driver to 
the target position from the current vehicle position. 

A register operation of the route guide display will 
now be now described with reference to FIG. 1. In 
FIG. 1, areas A, B, C and D respectively represent 
maps displayed as one map picture. In the register 
operation of the route guide display, first, the map A 
is displayed and the starting point "a" is set by the 
driver. Next, the map D is displayed and the destina- 
tion point T is set. Then, the maps A, B and C in which 
route points exist are displayed and route points "b" 
to "e" on the route from the start point to the destin- 
ation point are successively set in an order according 
to a passing order of the vehicle. 

In the register operation, the navigation device 
reads out positional information including a latitude 
and a longitude of each point set by the driver from a 
map information and stores them. Instead of inputting 
positional information of each point on the map, the 
latitude and the longitude of each point may be direct- 
ly inputted. Moreover, the start point may be automat- 
ically set to the current vehicle position when the des- 
tination point is set. 

When the route points has been thus registered, 
the navigation device decides the point "b" as the tar- 
get point, and calculates and displays the route, direc- 
tion and distance to the point °b" after the vehicle has 
started the point "a". Further, after passing by the 
point "b", the navigation device decides the point °c" 
as the target point and calculates and displays the tar- 
get point information to the point °c°. In this manner, 
the navigation device successively displays the next 



target points every time when the vehicle passes by 
the route points defined the target point for assisting 
the driver. 

When the vehicle runs through a plurality of 

5 points, in some cases, especially when the travelling 
time to the destination is limited, it would be required 
to recognize where the vehicle is positioned right now 
in the entire route or how long the rest travel distance 
to the destination is, in view of the rest available time. 

10 However, in the route guide display of the above de- 
scribed navigation device, although the starting 
point, the destination point and the route points posi- 
tioned therebetween are registered, only information 
of the next target point is displayed in turn as men- 
is tioned above and information by which the driver can 
readily and immediately recognize the entire travel 
route and the current position is not displayed. More- 
over, in the above navigation device, when a part of 
the route information which has been registered once 

20 is to be changed or other information is to be added 
to, all the route information has to be canceled and 
the register operation thereof has to be repeated from 
the beginning. 

It is an object of the present invention to provide 

25 a navigation device which represents a route guide 
display to have the driver readily and immediately rec- 
ognize the entire route and in which the registered 
route points can be easily changed, added or cancel- 
led so as to more effectively assist the driver. 

30 According to one aspect of the present invention, 

there is provided a navigation device including meas- 
urement unit for measuring current position of a vehi- 
cle on which the navigation device is mounted, input 
unit for specifying travel points to be registered as 

35 route information, the travel points including a start 
point, a destination point, and route points positioned 
on a travel route from the start point to the destination 
point, memory unit for storing the route information in- 
cluding positional information of each travel points 

40 and order information indicating the travel order of the 
route points, display unit for displaying a route guide 
display showing a travel direction from a current pos- 
ition on a map on the basis of the route information, 
and register condition display unit for displaying a 

45 condition of the registered route information, the reg- 
ister condition display unit representing positions of 
the travel points on the basis of the positional infor- 
mation and travel orders of the travel points on the ba- 
sis of the order information. 

so According to the present invention, when the 

start point the destination point and the route points 
are registered, the condition is displayed in such a de- 
formed manner that each points are arranged in ac- 
cordance with the positional information and the trav- 

55 el order information. Namely, information of the start 
point, the route points which indicate the travel order, 
and the destination point are connected by dotted 
lines showing the travel route. The information of the 
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each points is so displayed that represented positions 
of the points corresponds to the real positional rela- 
tion of the points on the map. As a result, a distance 
and positional relationship between the points can be 
easily recognized. 

In addition, when the register condition display 
unit represents current position and target position on 
the basis of the route information, the current vehicle 
position in an entire travel route, a travelled distance 
and a rest travel distance are relatively recognized to 
achieve a time management in a driving. Further, 
when the route points are changed, the condition of 
the route points including the changed point is dis- 
played together with the current position and the 
changed target point. 

FIG. 1 is an explanatory view illustrating the pres- 
ent invention; 

FIG. 2 shows the construction of the navigation 
device according to the present invention: 
FIG. 3 is a flowchart showing a display operation 
of a "deform" drawing of the embodiment; 
FIG. 4 is an explanatory view showing the display 
operation of the deformed picture of the embodi- 
ment; 

FIG. 5 is a deformed picture showing the embodi- 
ment; and 

FIG. 6 is a flowchart showing a route point 
change operation of the embodiment. 
A preferred embodiment of the present invention 
will now be described with references to the draw- 
ings. 

FIG. 1 shows a feature of the route display ac- 
cording to the present invention. Characters A, B, C 
and D represent areas displayed as one map picture. 
Character E represents an example of register condi- 
tion display. Namely, when the travel points shown in 
the areas A to D are registered, the navigation device 
according to the present invention displays the posi- 
tional relationship between the registered travel 
points as indicated by the character E. The details of 
the display operation 

of the navigation device will be described below. 

FIG. 2 shows a navigation device for an automo- 
tive vehicle according to an embodiment of the pres- 
ent invention. The navigation device includes a geo- 
magnetic sensor 1 for detecting absolute angle direc- 
tion data of the vehicle in accordance with the geo- 
magnetism (earth magnetic field), a gyro 2 serving as 
an angle velocity sensor for detecting an angular ve- 
locity of the automotive vehicle due to a directional 
change of the vehicle and producing angular velocity 
data, a travel distance sensor 3 for detecting a condi- 
tion of the vehicle by judging whether or not the ve- 
hicle is moving and simultaneously producing travel- 
•ling speed data and travelling distance data of the ve- 
hicle, a GPS (Global Positioning System) device 4 for 
performing an arithmetic operation on the basis of re- 
ceiving radio waves from a plurality of GPS satellites 



to generate data inclusive of a latitude, a longitude, an 
altitude and a direction of vehicle, a system controller 
5 for processing an arithmetic operation and a control 

5 operation, an input device 14 for inputting a command 
to the system controller 5, and a display device such 
as a CRT or an LCD. 

The system controller 5 includes an interface 6 
for receiving output signals from the geomagnetic 

10 sensor 1 , the gyro 2, the travel distance sensor 3 and 
the GPS device 4 and performing the analog-digital 
conversion or the like, a CPU 7 (Central Processing 
Unit) for processing an operation and a control or the 
like in accordance with a program, a ROM 8 (Read 

15 Only Memory) for storing various kinds of programs 
and necessary data in advance, a RAM 9 (Random 
Access Memory) in and from which data necessary 
for executing the programs is written and read, a re- 
cording medium 10 such as a CD-ROM, an IC card or 

20 the like for recording map information which is con- 
verted into digital form, a buffer memory 11, such as 
a V-RAM (video-RAM) serving as a frame buffer for 
temporarily storing image information converted in 
data which could be displayed in a real time manner, 

25 a graphic controller 12 for storing graphic data such 
as the map information transmitted in response to a 
command of the CPU 7 to the buffer memory 11 and 
outputting the stored data as image information, a 
display control circuit 13 for receiving the image infor- 

30 mation which is outputted from the graphic controller 
12 and controlling an image of the display 12. 

When the system controller 5 is turned on, the 
system controller 5 performs the following controls to 
display the current position. First, the system control- 

35 ler 5 reads out information for accessing map display 
information, display information of current vehicle 
position mark or the like from the recording medium 
10 and stores the information in the RAM 9. Next, the 
system controller 5 reads out latitude data, longitude 

40 data and a travel direction data of the vehicle which 
serves as the current position information from the 
GPS device 4, reads out map data corresponding to 
the current vehicle position from the recording me- 
dium 10 to transmit it to the graphic controller 12, and 

45 displays a map on the display 15. Next the current 
vehicle position mark is displayed at a position on the 
map which is decided in accordance with the current 
vehicle position information and the travel direction. 
Subsequently, the system controller 5 periodically 

so reads out the current vehicle position information and 
the travel direction from the GPS device 4 and renews 
the display position and direction of the current pos- 
ition mark and the map on the basis of the periodical- 
ly read out information if necessary. In addition, the 

55 system controller 5 periodically receives output data 
of the geomagnetic sensor 1 , the gyro 2 and the travel 
distance sensor 3, calculates the current vehicle pos- 
ition and the travel direction by a predetermined cal- 
culation operation, and compares the calculated data 
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with data from GPS device 4 to compensate for the 
detection error between them. 

In addition, the navigation device according to 
this embodiment employs a route guide display func- 
tion. The route guide display processing is as follows. 
The system controller 5 receives instruction for regis- 
tering travel points. That is, first, a start point and a 
destination point are specified by the driver. Then, 
route points serving as passing points are succes- 
sively specif ied in an order of passing bythem. Then, 
the system controller 5 stores route information in- 
cluding the latitude and the longitude information of 
each point and the travel order information into RAM 
9. When the vehicle travels from the start point, the 
route guide display is performed in such a manner 
that the registered route points are successively rep- 
resented as target points, and direction and distance 
to each route target points are calculated to be dis- 
played as the target point information one by one in 
travel order. 

Moreover, the route guide display function in- 
cludes a register condition display function which 
shows a deformed figure of the route information and 
a route change function for changing, cancelling the 
previously registered route points or adding new route 
points. The register condition display function and the 
route change function will be described hereinafter. 

FIG. 3 is a flowchart showing the operation of the 
system controller 5 in the register condition display 
and FIG. 4 is a graph showing the operation of FIG. 
3. In FIG. 4, each reference character represents as 
follows: 

X_MIN: minimum value of the deformed pic- 
ture area in the X direction; 

X_MAX: maximum value of the deformed pic- 
ture area in the X direction; 

YJvllN: minimum value of the deformed pic- 
ture area in the Y direction; 

Y_MAX: maximum value of the deformed pic- 
ture area in the Y direction; 

DSP_X: width of the deformed picture area in 
the X direction; and 

DSP_Y: width of the deformed picture area in 
the Y direction. 

The register condition display processing is de- 
scribed with reference to the flowchart shown in FIG. 
3. 

On receiving a command instructing the register 
condition display, the system controller 5 calculates 
minimum longitude LON_MIN, maximum longitude 
LONJvlAX, minimum latitude LATJvllN and maxi- 
mum latitude LAT_MAX on the basis of positional in- 
formation of the route points, the start point and the 
destination point previously registered and the cur- 
rent vehicle position in steps S1 - S4. Next, scale 
coefficients in the X direction SCL_X and the Y direc- 
tion SCL_Y on the display are calculated according to 
the following equations in steps S5 and S6. 



SCL_X = DSP_X/(LON_MAX - LON_MIN) 
SCL_Y = DSP_Y / (LAT_MAX - LATJvllN) 
Further, the scale coefficients SCL_X and SCL__Y 
5 are compared with each other and a greater one is 
determined as scale coefficient SCALE in steps S7 - 
S10. Further, display coordinates (X, Y) of the route 
points, the start point, the destination point and the 
current vehicle position are calculated by the follow- 
to ing equations in step S10, respectively. 

X = (XJvllN + Y_MAX) / 2 + SCALE (LON_ROT 

- (LON_MIN + LON_MAX)/2) 

Y = (Y_MIN + Y_MAX) / 2 + SCALE (LAT_ROT 

- (LAT_MIN + LAT_MAX) / 2). 

15 In these equations, LON_ROT and LAT_ROT re- 

spectively corresponds to the latitude and the longi- 
tude of a subject display point (the route points, the 
start point, the destination point, and the current ve- 
hicle point). The deformed picture is drawn in accor- 

20 dance with the display coordinates of the route 
points, the start and the destination points and the 
current vehicle point in step S11. 

As shown in FIG. 4, in the deformed picture, the 
route points are numbered " (J) - @" to represent the 

25 inputted order (i.e.. the travel order of the vehicle). 
The destination point is represented by the character 
"D" and the start point is represented by the character 
"S". The current vehicle point is represented by as the 
character "O". Dot lines connecting the points in the 

30 travel order are also displayed. The arrow shows a di- 
rection of the target point from the current vehicle 
point. Further, LIST showing the start point, the route 
points and the destination point used for the route 
change operation described below is represented on 

35 the left side of the deformed picture DEF. 

The route change operation will now be descri- 
bed. The route change is executed in response to in- 
structions of adding the route point or deleting the 
route point while the deformed picture described 

40 above is displayed. 

Upon receiving instruction of registering or add- 
ing the route points, the system controller 5 monitors 
an input of a cursor movement command. When the 
cursor movement command is received, the system 

45 controller 5 changes the cursor position to the LIST 
side and waits for an input command indicating addi- 
tional route point. The inputted additional route point 
corresponds to the point next to the point being des- 
ignated by the cursor at that time. For example, in FIG. 

50 4, if the additional route point is inputted while the cursor 
is positioned on the position of number n (J)" in the list, 
the added route point is inserted between the route 
points " (J) n and " @" Therefore, the number of the 
registered route points becomes five in total. Afterthe 

55 inserting point is instructed in the above manner, the 
system controller 5 waits for an input specifying the 
position of the additional route point The position of 
the additional route point is specified by designating 
the position in the map while the map being dis- 
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played, or by directly inputting position information of 
the latitude and the longitude of the additional route 
point. When the position of the additional route point 
is specified, the position information of the additional 
route point is stored in the RAM 9 in such a manner 
that the stored order of the position information of the 
additional route point conforms with the travel order 
of the route points. 

As a result, when the additional route point is in- 
putted, the register condition is changed by process- 
ing the register condition display operation as shown 
in FIG. 3 to display a modified route register condition. 
For example, in FIG. 4, if the additional route point 
positioned at "NT is inputted between the route points 
" CD" and " (D'\ the added route point is inserted at the 
position shown in FIG. 5, and the modified route 
points to " ® - @" are displayed. On the other hand, 
in the deletion of the route point, in the same manner 
as the addition of the route point, the route informa- 
tion of the route point being selected is deleted from 
the LIST. Then, the register display operation is proc- 
essed to display the modified register condition after 
the deletion of the route point is completed. 

Next, the target point change process executed 
when the new route point is registered or the regis- 
tered route point is deleted will be described with ref- 
erence to FIG. 6. 

First, it is discriminated whether a new route point 
is added or the route point is deleted in step S21. If it 
is discriminated that a new route point is added in a 
position preceding to the present target point in step 
S22, then it is discriminated whether the new route 
point is positioned before the present target point in 
step S23. If the discrimination in step S23 results in 
YES, the target point is changed to be the new route 
point. If the discrimination in step S23 results in NO, 
the process is terminated without renewal of the tar- 
get point. On the other hand, "rf a target point is delet- 
ed, it is discriminated whether the deleted route point 
is the present target point or not in step S25. If the dis- 
crimination results in NO, the process is terminated 
without renewal of the target point. If the discrimina- 
tion in step S25 results in YES, it is discriminated 
whether there further exists preceding route point in 
step S26. If the discrimination in step S26 results in 
YES, the next route point is set to the target point in 
step S27. If the discrimination in step S26 results in 
NO, the target point is changed to be the last route 
point in step S28. 

For example, in FIG. 4, it is now assumed that the 
vehicle has passed by the route point ° ©" and the 
target point is set to the route point ° and that the 
new route point is inputted at a position "N n which is 
positioned between the route points n ©" and " @ w , 
the added new route point "N" is set to the target point 
and it is represented being referenced by the charac- 
ter " (D° on the display with the modified route points 
" CD - ®" as shown in FIG. 5. In addition, an arrow 



indicating the present target point is displayed. 

With respect to the deformed picture of the em- 
bodiment described above, the display manner of 

5 each point is not limited to the feature shown in the 
figures. It is sufficient that the start point, the destin- 
ation points, the route points, the current vehicle pos- 
ition can be recognized and the travel order can be 
understood. The display of the target point is of a type 

10 of the arrow extending from the current vehicle pos- 
ition in the embodiment. However, for example, the 
display of the target point may be distinguished by be- 
ing colored or periodically flashed. Further, in the 
position selection of the addition or deletion of the 

15 route point, the selection is performed on the display 
of the list However, it is also possible to specify the 
route points in the deformed picture by using the cur- 
sor. 

According to the embodiment, in the route guide 

20 display, the deformed picture shows the respective 
route points on the route, the start point and the des- 
tination point being arranged at the positions speci- 
fied by the real position information thereof and the 
travelling order thereof is clearly represented. Thus, 

25 in the case of the transportation to a plurality of de- 
livery positions, the device according to the present 
invention is useful because delivery positions for the 
day is easily understood at a glance. Further, the dis- 
tances between the respective delivery points can be 

30 roughly recognized so that it is useful for planning a 
driving program. Moreover, when the vehicle runs on 
the route, the deformed picture shows the current ve- 
hicle position in accordance with the real position 
thereof. At the same time, the target point is dis- 

35 played. With this device, it is possible to know where- 
abouts in the overall route the vehicle is travelling, 
and the travelled distance and the remaining travel 
distance are roughly recognized, accordingly it is use- 
ful for time management of driving. Moreover, the ad- 

40 d it ion or the deletion of the route point is easily oper- 
ated and the display of the target point is automatical- 
ly changed. Thus, the change of the route on driving 
is easily carried out. - 

45 

Claims 

1 . A navigation device characterized in that the de- 
vice comprising: 
so measurement means (1-4) for measuring 

current position of a vehicle on which said navi- 
gation device is mounted; 

input means (14) for specifying travel 
points to be registered as route information, said 
55 " travel points including a start point, a destination 
point, and route points positioned on a travel 
route fronrthe start point to the destination point; 

memory means (9) for storing said route 
information including positional information of 
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each travel points and order information indicat- 
ing the travel order of the route points; 

display means (15) for displaying a route 
guide display showing a travel direction from a 
current position on a map on the basis of the 
measured current position; and 

register condition display means (5,15) for 
displaying a condition of the registered route in- 
formation, said register condition display means 
representing positions of the travel points on the 
basis of the positional information and travel or- 
ders of the travel points on the basis of the order 
information. 

2. A navigation device according to claim 1 charac- 
terized in that said register condition display 
means represents the positions and travel orders 
with respect to all of the registered travel points. 

3. A navigation device according to claim 1 , charac- 
terized in that said device further comprising 
route information change means (5) for receiving 
route change instruction and changing the route 
information in accordance with the route change 
instruction, characterized in that said register 
condition display means represents the positions 
and travel orders of the travel points on the basis 
of the changed route information. 

4. A navigation device according to claim 1 , charac- 
terized in that said register condition display 
means represents current position and target 
position on the basis of the measured current 
position and the route information. 

5. A navigation device according to claim 4, charac- 
terized in that said register condition display 
means represents the positions and travel orders 
with respect to all of the registered travel points. 

6. A navigation device according to claim 4, further 
comprising route information change means (5) 
for receiving route change instruction and chang- 
ing the route information in accordance with the 
route change instruction, characterized in that 
said 

register condition display means represents the 
positions and travel orders of the travel points on 
the basis of the changed route information. 

7. A navigation device according to claim 4, charac- 
terized in that said target point is the route point 
nearest to the current position in the travel direc- 
tion. 

8. A method of displaying a travel route on a navi- 
gation device, characterized in that said method 
comprising the steps of: 



measuring current position of a vehicle on 
which said navigation device is mounted; 

specifying travel points to be registered as 
5 route information, said travel points including a 

start point, a destination point, and route points 
positioned on a travel route from the start point to 
the destination point; 

storing said route information including 
10 positional information of each travel points and 

order information indicating the travel order of the 
route points; 

displaying positions of the travel points on 
the basis of the positional information and travel 
15 orders of the travel points on the basis of the or- 

der information. 
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